Abstract. PA66 reinforced with different weight content of multi-walled carbon nanotubes (MWCNTs) were prepared using a twin-screw extruder. The quasi-static and dynamic compression mechanical properties were investigated. Addition of 2.5 wt% P-CNTs to PA66 achieves the best enhancement effect.
Introduction
Since Carbon nanotubes (CNTs) have been discovered by Iijima [1] , they have been being widely studied as ideal reinforcing fillers in different polymers because of their unique and extraordinary mechanical, electrical, thermal and other properties.
Many works of static mechanical properties of MWCNTs reinforced polymer composite have been reported [2] [3] [4] [5] [6] [7] [8] , but less work [9, 10] involving mechanical properties of CNTs reinforced polymer composites under dynamic loading, especially at high strain rates. In this article, static and dynamic mechanical behavior of MWCNTs/ PA66 composites were investigated.
Experiments

Materials
The MWCNTs (CNTs) used in this study were purchased from Chengdu Institute of Organic Chemistry, Chinese Academy of Science. Their physical properties are listed in Table 1 . PA66 was type of SP7299 from Thomas Swan & Co. Ltd. 
Sample Preparation
PA66 and 1, 2.5, 5, 7.5 wt% P-CNTs were extruded at 260℃, respectively. Those granules were injected into die and modeled at 220-260 ℃. The specimens for quasi-static mechanical testing and dynamic mechanical tests at high strain rates were cylinders with 8 mm in diameter and 4 mm in length.
Quasi-static Experiments
Compressive strength was measured according to Chinese National Standard GB/T 1041-2008. Three specimens for each material were tested to obtain compressive strength by universal testing machine (CMT5105A). The loading rate is 0.5 mm/min.
Dynamic Compression Experiments
Split Hopkinson pressure bar (SHPB) is a general experimental technique used in the study of mechanical behavior of materials under high strain rates. SHPB consisted of striker, incident and transmitter pressure bars. The specimen is sandwiched between incident and transmitter bars along the axis, the striker firstly impacts incident bar at a certain speed, which induces a compressive impact pulse propagating from the specimen to the transmitter bar. In our study, the bars were made of A3-steel, of which diameter, density, Young's modulus and elastic wave velocity were 14 mm, 8×10 3 kg/m 3 , 200 GPa and 4.9×10 3 m/s, respectively. The length of the striker was 200 mm and the incident and transmitter bars were same length of 400 mm. SHPB experiments were conducted at room temperature.
Scanning Electron Microscopy (SEM)
The impact test specimens of CNTs/PA66 composites were examined in a scanning electron microscope (SEM X-Max N , Oxford Instruments) after the fractured surfaces were coated with a thin layer of gold.
Results and Discussion
Quasi-static Compressive Mechanical Properties
The results of the quasi-static compressive mechanical properties of the MWCNTs/PA66 composites are shown in Table 2 . Comparing with PA66, all composites have smaller Young's modulus. This decrease can be attributed to the presence of aggregates or voids, etc. Similarly, the compression strength of composites is smaller than PA66's expect P25. Figure 1 gives out the stress-strain curves of quasi-static compression testing for MWCNTs/PA66 composites with different contents of MWCNTs. P25 has the biggest compression strength and ultra strength. 
Dynamic Mechanical Properties at High Strain Rates
The dynamic response of PA66 at strain rates of 1200, 1800, and 4000 s -1 are shown in Fig. 2 . Figure 3 show stress-strain curves of MWCNTs/PA66 composites with different contents of MWCNTs at different strain rates, respectively. We refer the value of stress at the inflection point as yield strength of the material. The yield strength has positive strain rate effect in Fig. 2 and 3a, b. There is no obvious plasticity stage in Fig. 3d . Dynamic Young's modulus is not determinate from the actual curves, because unavoidable effects of wave propagation at the early stage of the experiments. But as a reference, we define the stiffness of material by using the slope of stress-strain curve and call it RM (reference modulus). For P25, at the strain rate of 4000 s -1 , the RM is 25% higher than that at the strain rate of 1800 s -1 . The difference of the stiffness between the strain rates of 1800 and 5000 s -1 is obvious as well. The influence of strain rate on strength is evident and the value of maximum strength is about 177 MPa. Fig. 3d shows stress-strain curves of P75 at strain rate of 1800, 5200 and 6000 s -1 . For P75, at the strain rate of 5200 s -1 , the reference modulus is 6% higher than that at the strain rate of 1800 s -1 , while the reference modulus at strain rate 6000 s -1 is same as at 5200 s -1 . The strain rate effect on strength is also not obvious and the value of strength is about 139 MPa at 1800s -1 , 138 MPa at 5200s -1 , and 139 MPa at 6000s -1 . In contrast with PA66, P1 and P25, P5 and P75 show obvious brittleness in Fig. 3 . Lower contents of CNTs composite materials have a better dispersion and a good certain direction, but in the higher contents composites agglomeration is more serious, it largely limits the mechanical properties of composites. It this situation, P25 achieves the best enhancement.
SEM Observation
As is well known, the homogeneous dispersion of MWCNTs in the polymer matrix is one of the most important factors in reinforcement of a composite. SEM observation is firmly believed to be a qualitative and direct way to visualize the status of dispersion of MWCNTs in the PA66 matrix. Fracture surface of P25 and P75 was shown in Fig. 4 . It can be seen that MWCNTs has good dispersion in P25. The clustering of MWCNTs in PA66 matrix is observed in Fig. 4b and the agglomeration is so serious that it largely limits the motion of PA66 chains and decreases crystallinity and confinement effects imposed by the MWCNTs. And furthermore, the agglomerates of MWCNTs were the cause of reducing the reinforcing effects of MWCNTs.
